Recently, it has been shown that the standard Nambu-Jona-Lasinio (NJL) model is not able to reproduce the correct QCD behavior of the gap equation at large density, and therefore a different cutoff procedure at large momenta has ben proposed. We found that, even with this density dependent cutoff procedure, the pure quark phase in neutron stars (NS) interiors is unstable, and we argue that this could be related to the lack of confinement in the original NJL model. Keywords: Dense matter; Neutron stars.
NJL AT LARGE DENSITY
In the interior of astrophysical compact objects, like NS, nuclear matter is expected to reach a density which is several times nuclear saturation density. In these conditions, calculations only based on nucleonic degrees of freedom becomes highly questionable and a phase transition to quark matter becomes possible. The quark matter equation of state (EoS) derived from standard NJL model is soft enough to render NS unstable at the onset of the deconfined phase, and no pure quark matter can be present in its interior. Though the NJL model reproduces correctly the phenomenological low energy data on hadron properties, it is not able to reproduce the correct behavior of the solution of QCD gap equation at large density, as pointed out in Ref.
2 In order to clarify this point, we have studied a modified NJL model with a density dependent momentum cutoff, which preserves the low energy properties of the theory. According to this procedure, a µ dependent cut-off Λ(µ) is introduced, which implies a µ dependent coupling constant g(µ). Since there is no compelling restriction to a specific functional form of Λ(µ), we choose some smooth monotonically increasing functions of µ. For details, the reader is referred to Ref.
1 Considering different slopes in the µ dependence of the cut-off is an important issue, because this implies different growth behaviors of the pressure, as a function of the baryon chemical potential µ B , which is crucial to determine the transition point to quark matter. By assuming a first order phase transition, as suggested by the indications coming from lattice calculations, 3 we have adopted for the hadronic phase a nucleonic equation of state obtained within the Brueckner- Bethe-Goldstone (BBG) approach, 4 while for the quark phase, we have used the standard parametrization of the NJL model 5 and the above prescriptions. In Fig.  1 we report the neutron star masses as a function of the radius (left panel), and of the central density (right panel) for the different choices of the density dependent cut-off discussed above. For comparison also the results for the standard NJL model (three flavor) of Ref.
6 are reported (full circles). The plateau in the mass-central density plane is a consequence of the Maxwell construction. In all cases one can see that at the maximum mass the plot is characterized by a cusp, which corresponds to the instability mentioned above. As discussed in Ref.
1 the origin of the NS instability could be related to the missing quark confinement in the model. In fact, when chiral symmetry is restored, the NJL model behaves like the MIT model with a bag constant B N JL ≃ 140 M eV /f m 3 . Therefore, if one adds by hand a confining potential which is switched off at the chiral phase transition, 7 the instability could be removed since the effective bag constant would be correspondingly reduced.
